[6] SOLAR ENRGY 

The type of radiation coming from the Sun depends on temperature. 

The Sun is emitting electromagnetic radiation in wide variety of wavelengths. 

Theoretical plot of the energy emitted by three perfect blackbody radiators of 

different temperature.. 

The Sun radiates 1 .6 x 10 7 watts of power per square meter from its surface at all 

wavelengths. 

People think solar-powered calculators or satellites, they convert light directly into 

electricity via the photoelectric effect. 

Photovoltaic systems are not the only way to convert sunlight into electricity. 

Solar Energy Industries Association (SEIA) reports that 94 percent of PV modules 

used today are made of crystalline silicon. 

Solar thermal electrical systems use sunlight in order to boil water for a turbine 

generator. 

Simple and widely used applications of solar thermal energy include solar water 

heating, swimming pool heating and agricultural drying. 

Flat-plate collectors large, insulated metal boxes with glass or plastic covers and 

dark heat absorbing plates are the most common collectors used for home solar 

water and space heating. 

Other common varieties are evacuated-tube collectors and integral collector 

storage systems. 

The intensity of solar energy at any point in 

the solar system is inversely proportional to the square of its distance from the 

sun 
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In general terms, the amount of light stays the same, but it is spread over an 

increasingly larger area as you move away from the light source, so the intensity 

is less. 

When considering the intensity of solar radiation on the nine planets of the solar 

system, it is sometimes useful to think of relative intensity, a ratio comparing the 

solar intensity to that on Earth. 

One astronomical (AU) unit is defined as the mean Earth sun distance, which is 

(rounded to 150 million km) 



[7] WIND ENRGY 

Windmills have been used for many centuries for pumping water and milling grain - 
In developing countries: 
Water supply and irrigation (wind pumps) and electrical generation (wind generators). 

Power = density of air x swept area x velocity cubed 

2 
P = 1 / 2 .p.A.v 3 

Power density in the wind range 

1 W/m 2 at 2.5 m/s (a light breeze) 
41 ,000 W/m 2 at 40 m/s (a hurricane) 

Wind power influences: 

• Conversion systems Design 

• Construction 

• Siting 

• Usage 

• Economy 

In large areas of the world appear below 3 m/s, where wind power may or may not be an 
attractive option. 

The basic features that characterize lift and drag are: 
1 - Drag is in the direction of air flow 

2- Lift is perpendicular to the air flow 

3- Generation of lift always causes a certain amount of drag to be developed 

4- With a good aerofoil, the lift produced can be more than thirty times greater than 
the drag 

5- Lift devices are generally more efficient than drag devices 

Types and Characteristics of Windmill Rotors 

Vertical axis machines 
Horizontal axis machines 



Several technical parameters characterize windmill rotors. 

Tip speed ratio = Bade tip speed 
Wind speed 

power in the wind that the rotor can extract is 

Cp = coefficient of performance 

Maximum of 59.3% (Betz limit) 

In practice real wind rotors Cp in the range of 25%-45%. 

High-solidity machines carry a lot of material and can generate much higher starting 
torque. 

The extra materials also cost more money. 
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starch is heated to produce sugar, which is then 
fermented into alcohol 



A pipeline can carry heat directly to the buildings 
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Absorber Plate: usually 
black chrome absorbing 
coating to maximize heat 
collecting efficiency 




Solidity and torque 
10 





11 





Basic HVAC System 
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Hot Water Demands and Use for Various Types of Buildings 



Type of building J 



Maximum hour 



Maximum day 



Average day 



Men's dormitories 
Women s dormitories 
Motels: No. of units 4 

20 or less 

,ii 

100 or more 
Nursing homes 
Office buildings 
Food service establishments: 

Type A: tun- meal 

restaurants and cafeterias 

Type Bi drive-ins, grilles, luncheonettes, 

sandwich and snack shops 
Apartment houses: No. of apartments 

20 or less 

50 

75 

100 

200 or more 
Elementary schools 
Junior and senior high schools 



3,3 gal (14,4 L) /student 22.0 gal (83.4 L)/student 
5,0 gal (19 LVstudent 26.5 gal (100.4 L)/student 



6,0 gal (22,7 L) /unit 
5,0 gal (19,7 L) /unit 
4,0 gal (15,2 L)/unit 
4,5 gal (17,1 L) /bed 
0,4 gal (1,5 L) /person 

l,5#al(5,7L)/rnai 

rneakm 

0,7 gal (2-6 Lj {max 

mealsj'h 

12.0 gal (45.5 L)/apt, 
10.0 gal (37.9 L)/apL 
8,5 gal (32,2 L)/apt, 
7,0 gal (26,5 L)/apt, 
5,0 gal (19 L)/apt, 
0,6 gal (2,3 L) /student 
L0 gal (3,3 L) /student 



35.0 gal (132.6 L)/unit 
25.0 gal (94.&L)/unit 
15.0 gal (56.& L)/unit 
30.0 gal (113.7 L)/bed 
2.0 gal (7.6 L)/person 

11,0 gal (41.7 L)/max 
meals/b 

6,0 gai (22,7 L) /max 
meals/b 

80.0 gal (303.2 L)/apt, 
73.0 gal (276.7 L)/apt, 
66.0 gal (250 L)/apt. 
60.0 gal (227.4 L)/apt, 
50.0 gal (195 L)/apt. 

1.5 gal (5.7 L)/student 

3.6 gal (13,6 L)/student 



13.1 gal (49.7 L)/student 

12.3 gal. (46.6 L)/student 

20.0 gal (75.8 L)/unit 
14.0 gal (53.1 L)/unit 
10.0 gal (37.9 L)/unit 

18.4 gal (69,7 L)/bed 
1.0gal(3.8L);person 

2.4 gal (9.1 L);average 

meals/h 11 

0.7 gal (2.6 L)/average 

meals/day^ 

42.0 gal (159.2 L)/apt. 

40.0 gal (151.6 L)/apt. 

33.0 gal (144 L)/apt. 

37.0 gal (140.2 L)/apt. 

35.0 gal (132.7 L)/apt. 
0.6 gal (2.3 L)/student b 
LSgal (6.8 L);student b 



1 The average usage of a U,S. residence is 60 gal/day (227 L/h) with a peak usage of 6 gal/b (22.7 L/b) (ASHRAE, 19&7). 

b Interpolate for intermediate values, 

c Per day of opera uon. Temperature basis] 140°E 

Source: From ASHRAE, With permission. 



Representative Hot Water Use Temperatures 



Temperature 



Use 



Lavatory 
Handwashing 
Shaving 
Showers and tubs 
Therapeutic baths 

Commercial and institutional laundry 
Residential dishwashing and laundry 
Surgical scrubbing 
Commercial spray-type dishwashing 
Single or multiple tank hood(s) or rack(s) 
Wash 
Final rinse 
Single rank conveyor 
Wash 
Final rinse 



°F 


°C 


105 


40 


IIS 


45 


110 


43 


95 


35 


180 


S2 


140 


hu 


110 


43 


J 30 min 


65 min 


180-195 


82-90 


160 min 


71 min 


180-195 


82-90 



Note: Tible values are water use temperatures, not necessarily water heater set points. 
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FIGURE 4.1.5 Heat pump T-s diagram showing four steps of the simple heat pump process. (From Rabl, A, and 
Kieider LF., Heating and Cooling of Buildings., McGraw-Hill, New York, NY, 1994. With permission.) 
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FIGURE 4.1j6 Heat pump p-h diagram showing four steps of the simple heat pump process, (From Rabl, A, and 
Kieider J.F., Heating and Cooling of Buildings, McGraw-Hill, New York, NY, 1994. With permission.) 
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FIGURE 4+1+7 Liquid source heat pump mechanical equipment schematic diagram showing motor driven centrif- 
ugal compressor, condenser, and evaporator. (From Rabl, A and Kreider J.F., Heating and Cooling of Buildings, 
McGraw-Hill, New York, NY, 1994. With permission.) 
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Advantages and Disadvantages of Air and Water Source Heat Pumps 



Type 



Advantages 



Disadvantages 



Air source Indoor distribution permits air conditioning 

and humid ity control 
Outdoor air source readily available 
Simple installation 
Least expensive 
Established commercial technology 



Defrost required 

Low capacity at cold outdoor temperature 

Lower efficiency because of large evaporator AT= 30°F 

Indoor air distribution temperature must be high for 

comfort reasons 
Reliability at low temperature is only fair, due to frosting 

effects 
Must keep evaporator clear of leaves, dirt, etc. 



Water source Multiple family and commercial installation 

as central system 
In commercial installations, good coupling to 

cooling towers 
No refrigerant reversal needed; reverse water 

flow instead 



Needs water source at useful temperature 
Efficiency penalty due to space heat exchanger AT 
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Residential radiant floor heating system. 
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Thermocouple Types and Ranges 








Average Seebeck 

Metals Coefficient 


Std. Error 
°F 


Range 


Type 


+ - nV/°F ref. °F 


op 



B 

E 

I 

K 
R 
S 

T 



94% Pt/6% Rh 

90% Ni/10% Cr 

Iron 

90% Ni/10% Cr 

87% Pt/10% Rh 

90% Pt/10% Rh 

Cu 



70% Pt/30% Rh 

Constantan 

Constantan 

Ni 

Pt 

Ft 

Constantan 



3.3 
32.5 

17. 9 

21.9 

6.4 

5.7 
21.1 



1112 
32 
32 
32 
1112 
1112 
32 



7.9-15.5 

3.1-7.9 

2.0-5.2 

2.0-5.2 

2.5-6.8 

2.5-6.8 

1.4-5.2 



32 to 3200 
-450 to 1800 
-350 to 1400 
-450 to 2400 
-60 to 3100 
-60 to 3100 
-450 to 800 
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Notes: F = Fahrenheit. 
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